extensive series of observations on both men and women in which the large respiration chamber in Stockholm was used. These results are comparable, although the observations were made under such conditions as to exclude them for use as indices of basal metabolism.
Computing the values both for body weight and body surface, they conclude that in youth the carbon dioxide production of boys is considerably greater than that of girls of about the same age and the same body weight, but with increasing age this difference gradually becomes less and less and finally in old age it disappears entirely.
It must be noted here that the authors specifically state that it appears to them that new experiments are necessary before this problem can be completely solved.
In 1899 Magnus-Levy and Falk5 published an extended series of observations on both men and women in which the ZuntzGeppert respiration apparatus was employed.
Although Johansson6 had shortly before emphasized the importance of controlling muscular repose and had outlined his experience in the voluntary exclusion of muscular activity, these observations of MagnusLevy and Falk represent the first comparative observations made upon both men and women in which particular attention was given to complete muscular rest; hence they are more perfectly comparable with our experiments than any series published previous to 1899. The series with males comprise observations on sixteen boys, ten men between twenty-two and fifty-six years of age, and five men sixty-four years old and over.
The series with women include observations on nine girls, fifteen women between seventeen and fifty-seven, and seven women seventy-one years or older. The data as to the age, weight, and height are most carefully recorded and general comments made regarding the body condition, respiration rate, and pulse rate. The authors have likewise computed the values per kgm. per minute and per square meter of body surface per minute.
In their comparisons of the values obtained with men and women on the basis of per kgm. of body weight, they conclude that in middle life the gaseous metabolism of women is approximately the same as that of men of the same age and body weight. With children and old men and women, the females have a slightly less (5 per cent) metabolism than the males. The authors also point out that, owing. to the larger proportion of body fat, females would have a metabolism per unit of active protoplasmic tissue greater than would men.
Although since the experiments of Magnus-Levy and Falk, a large number of observations have been made on the metabolism of men, there have been relatively few observations on normal women. These include those reported by Johansson,7 which were made with unusual care as to absolute muscular repose, and a few desultory studies by members of the Zuntz school. The experiments of Benedict and Carpenter* with two women in the respiration apparatus in Middletown, Connecticut, were not made with complete muscular rest; a considerable number of observations upon non-athletic men were secured, however, under similar conditions of muscular activity, and the results were therefore comparable with those obtained with the women subjects. Both women showed a remarkably lower metabolism per kgm. of body weight and per square meter of body surface than did the men with whom they were compared.
It is thus seen that in the last sixteen years no extensive comparative study of the metabolism of normal men and women has appeared, and the last two great studies, namely, those of Sonden and Tigerstedt and of Magnus-Levy and Falk, are distinctly at variance with each other as to the final conclusions.
In accumulating normal material for comparison with pathological data in this laboratory and elsewhere, results obtained with eighty-nine men and sixty-eight women have been gathered together and presented in two tables in a paper recently published.g It is our purpose here to discuss the values included in these tables and, as far as possible, to compare the metabolism of men and women.
7 Johansson: ibid., xxi, p. 1, 1909. From the foregoing paper by Benedict and Smith,lO it is obvious that the normal men in this table who are distinctly classified as athletes cannot properly be used for comparison with women, and hence a grand average of the results for men cannot properly be compared with an average of the results for women. Since, however, such a comparison is not without interest, we give in Table I an average of all of the values found with the eighty-nine men and the sixty-eight women. Perhaps the most striking feature of this comparison is the fact that although the total metabolism, as measured by the carbon dioxide production and oxygen absorption, is greater with men than with women, the body weight is also considerably greater and likewise the height. But when we compare the average carbon dioxide produetion and oxygen consumption per kgm. per minute of the men with that of the women, there is a striking agreement in the results. Thus, 3.04 cc. of carbon dioxide per kgm. of body weight were produced per minute by the men against 2.90 cc. for the women, aud 3.65 cc. of oxygen were consumed by the men as compared with 3.58 cc. of oxygen by the women. In comparing the calculated heat production per twenty-four hours, the greater total amount for the men is obviously due to the larger body weight; but on t,he basis of per kgm. of body weight, 25.5 calories were produced with the men as compared with 24.9 calories with the women, per square meter of body surface the values are 832 calories for the men and 772 calories for the women.
A comparison of this nature is, however, distinctly erroneous, and while one might assume that with eighty-nine men and sixty-eight women the average figure might hold, nevertheless a careful analysis of the situation will show that this method of comparison is not wholly justifiable.
Indeed,, its use has been carefully avoided and rightly so by all previous writers.
On the other hand, believing that only individuals of like weight and height can properly be compared, it is possible with such a large accumulation of material as is presented in the two tables previously published to compare the metabolism of women with that of men of approximately the same weight and height. Such a comparison is made in Table II .
Furthermore, although disinclined to believe in the value of a comparison on the basis of heat production per kgm. and per square meter of body surface, we have included these comparisons in the table, since they have been used extensively by other writers.
The attempt in this comparison has been to secure a .fair average picture of the metabolism of men and women, and to select the data for the various groups of men and women compared so as to keep the, difference in height within 1 or 2 cm. and the difference in weight within 1 or 2 kgm.' Unfortunately, in all instances this method of comparison cannot be adhered to, and certain deviations are absolutely necessary. While for the most part it has been possible to employ three or more men and women in each group, with certain groups, particularly Groups V, VI, VII, X, and XI, it has been impracticable to use more than two individuals. This is admittedly a failing in the method of comparison.
In both Groups I and II all'the women had a lower metabolism per kgm. of body weight and per square meter of body surface than any of the men with whom they are compared.
Imthese two groups, therefore, the evidence is strongly in favor of the general supposition that the metabolism of women is less, not only absolutely, but per kgm. and per square meter, than that of men of similar weight and height.
In the subsequent groups the differences are not so noticeable until we reach Group V with unfortunately only one woman for comparison. In Group VII but one man is compared, but his metabolism is distinctly higher than that found with normal men of approximately his cd.
Per kgm.
cd.
It is obvious that the best comparison for all these groups can only be made with the average figures; we have therefore summarized the comparisons for the several groups in Table III . From the conditions of the grouping it is obviously unnecessary to consider the total metabolism, and our comparisons may simply be confined to the heat production per kgm. and per square meter of body surface. In these eleven groups the men show a greater metabolism per kgm. of body weight than that of the women in eight cases; the average of the data shows that the men had a heat production of 26.5 calories per kgm. per twenty-four hours as compared with a heat production of 25.0 calories per kgm. for the women, or approximately a 5 per cent increase. Further-more, on the basis of per square meter of body surface, we find a greater heat production with men in nine cases, the average being 819 calories per square meter for the men as compared with 770 calories for the women, an increment of approximately 6 per cent.
Some of the defects of this method of comparison are obvious when we consider the special groups. Thus, in Group I the men are of approximately normal body weight while the women with whom they are compared are larger than normal, and in this group we find a. greater disproportion between men and women than in any of the others. On the other hand, in Groups X and XI, in which small individuals are compared, the metabolism is slightly higher with women than with men; if we are to explain this on the basis of an actual difference in the active mass of protoplasmic tissue, we must infer that with small, thin women the proportion of subcutaneous fat is no greater than that with small, thin men. It would appear from these comparisons, therefore, that the metabolism of men is about 5 or 6 per cent greater than that of women with like height and body weight. Since athletes have been carefully excluded in this selection of material, we deal here only with approximately normal individuals, and in any event individuals of similar size and form appear in the comparative groups. The slight increment in the metabolism of men over women may be explained on several grounds. First, there may be a disproportion between body weight and body surface; in other words, the Meeh formula may not hold with women as it does with men. Doubtless in individual cases this may play a part; but with as large a number of individuals as are here studied, we think it fair to assume that this disproportion is more theoretical than actual. Secondly, there is in all probability with women, particularly in the groups with the greater body weight, a larger proportion of subcutaneous fat than with men, and conversely with men a larger proportion of active protoplasmic tissue. Finally, it should be stated that while the age of certain individuals in the comparison should properly be considered, the greater number of our experiments were made with individuals -between twenty and thirty years of age, and hence no individual case can in any way affect the general deduction; i.e., that men have a slightly greater metabolism per kgm. of body weight and per square meter of body surface than have women of like weight and height.
